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METHOD OF PATTERNING PHOTORESIST 
ON A WAFER USING A REFLECTIVE MASK 

WITH A MULTI-LAYER ARC 

RELATED APPLICATIONS 

This application is related to US. Pat. No. 6,875,546, 
titled “A Method of Patterning Photoresist on a Wafer Using 
an Attenuated Phase Shift Mask,” issued on Apr. 5, 2005, 
and assigned to the assignee hereof. 

FIELD OF THE INVENTION 

This invention relates to making integrated circuits using 
masks having an anti-re?ective coating (ARC), and more 
particularly, to making integrated circuits using re?ective 
masks With a multi-layer ARC. 

RELATED ART 

In the manufacture of semiconductors there has alWays 
been the continuing trend of smaller and smaller feature 
siZes. One of the di?iculties has become enough resolution 
available from the light being used. The Wavelengths of the 
light sources continue to be shorter and shorter. As the 
Wavelengths become shorter, other issues arise, such as the 
changes in optical properties of the commonly used mate 
rials. One approach that has been demonstrated is to use 
re?ective masks, Which can be effective even doWn to the 
extreme ultra-violet Wavelengths. A number of 
issues, hoWever, need to be solved before main stream 
manufacturing can occur at these very loW Wavelengths. One 
of the issues is the ability to adequately inspect the masks for 
defects. A mask, in a manufacturing context, cannot have 
defects that, When exposed to the exposing light source, are 
printed on the semiconductor Wafer. Thus, a mask should be 
able to be inspected for any such defects. 

A continuing di?iculty With inspection is that the inspec 
tion tools may be inspecting at a different Wavelength than 
the mask is receiving during its use in transferring its pattern 
to the photoresist. Because the optical properties change 
With Wavelength, What is absorbing at one Wavelength may 
be re?ective at another Wavelength. This problem is par 
ticularly acute With EUV. The materials that have been found 
to be effective at EUV, generally considered to be 10-16 
nanometers, for masks are generally highly re?ective at 
longer Wavelengths used by inspection tools. A single layer 
of SiON (silicon oxynitride) has been found to be effective 
for providing a su?icient contrast for inspection. Some 
problems With this include providing for inspection at only 
one frequency because the thickness of the layer determined 
Which Wavelength Was non-re?ecting. This is a problem for 
several reasons. One is that it is desirable to be able to 
quickly do pre-screening for gross defects, Which is desir 
ably performed by older equipment Which Will have a longer 
Wavelength. Another is that inspection equipment is moving 
to shorter Wavelengths to improve resolution. Also this 
single layer of SiON is etched by a subsequent etch after any 
repairs have been performed. Thus, the ultimate thickness 
Was actually determined by a timed etch, Which is less 
controllable than the thickness of a deposition. 

Thus, there is a need for a making semiconductors at 
loWer Wavelengths using re?ective masks that can be effec 
tively inspected, especially at multiple Wavelengths. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by Way of example 
and not limited by the accompanying ?gures, in Which like 
references indicate similar elements, and in Which: 

FIG. 1 is a cross section of a mask according to an 
embodiment of the invention; and 

FIG. 2 is an apparatus for using the mask of FIG. 1 to 
pattern photoresist on a semiconductor Wafer. 

Skilled artisans appreciate that elements in the ?gures are 
illustrated for simplicity and clarity and have not necessarily 
been draWn to scale. For example, the dimensions of some 
of the elements in the ?gures may be exaggerated relative to 
other elements to help improve the understanding of the 
embodiments of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

In one embodiment a photoresist layer on a semiconduc 
tor Wafer is patterned using a re?ective mask having stacks 
With an anti-re?ective coating (ARC) that is effective over a 
relatively large range of Wavelengths. The ARC resides over 
an absorbing layer, Which has a metal of at least a ?rst type. 
The ARC has at least three layers all of Which include the 
metal of the ?rst type. The middle layer of the three layers 
has a loWer extinction coe?icient than the other tWo layers. 
In the case Where the metal of the ?rst type is tantalum, the 
middle layer in this embodiment is tantalum silicon oxide 
and the other tWo layers are tantalum silicon nitride. As an 
option, a dielectric layer may be placed over the three layer 
metal-containing layers. This is better understood by refer 
ence to the drawings and the following description. 
ShoWn in FIG. 1 is a mask 10 having a substrate 12, a 

re?ecting layer 14, a feature stack 16, a feature stack 18, and 
a re?ecting area 20 betWeen stacks 16 and 18. Each stack 16 
and 18 has an absorber stack 22 adjacent to re?ecting layer 
14, a second layer 24 adjacent to absorber stack 22, a layer 
26 adjacent to layer 24, a layer 28 adjacent to a layer 26, and 
a layer 30 adjacent to layer 28. Layer 22. Substrate 12 is 
preferably silicon oxide but can be a Wide variety of other 
materials. An important consideration for this material is 
generating little stress and that it provide the needed physi 
cal support. Re?ecting layer is preferably a series of thin 
alternating layers of molybdenum and silicon. This is a 
typical con?guration for a re?ective mask intended for use 
With EUV lithography. Absorber stack 22 is preferably a 
layer 21 of chromium on the bottom With a layer 23 of 
tantalum silicon nitride over it. The composition of this 
tantalum silicon nitride layer 23 is only about 2% nitrogen. 
Layers 24 and 28 are preferably tantalum silicon nitride but 
With a composition in Which there is a signi?cantly higher 
concentration of nitrogen than that for the tantalum silicon 
nitride of the absorber layer. Preferably this is about a 5 
times higher concentration. Layer 26 is preferably tantalum 
silicon oxide. The oxygen content is about the same as the 
nitrogen content for layers 24 and 28. Layer 30 is preferably 
SiON (silicon oxygen nitride). 
The height of stacks 16 and 18 is preferably about 1000 

to 1500 Angstroms. With layers 24-30 present over absorb 
ing layer 22, a relatively Wide range of Wavelengths are not 
re?ected by stacks 16 and 18 in any substantial amount. For 
inspection purposes these stacks should be less 10% re?ec 
tive. Stacks 16 and 18 are less than 5% re?ective and thus 
Well beloW the requirement for effective inspection. This 
Was achieved With a thickness of layer 30 of 280 Angstroms 
and layers 24-28 totaling 200 Angstroms. Each of layers 
24-28 Was made to be of equal thickness. At the EUV 
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Wavelengths these layers 24-30 are nearly as absorbing as 
the materials present in the absorbing stack 22. Thus, to the 
extent layers 24-30 add thickness, absorbing stack 22 can be 
reduced in thickness to achieve a given absorption. Thus, the 
overall height of stacks 16 and 18 is not adversely affected 
by the presence of layers 24-30. 

The composition of tantalum silicon oxide that Was used 
to exceed the desired goal of less than 10% re?ectivity Was 
achieved using a Sputtered Films, Inc., Endeavor AT With a 
substrate temperature of room temperature, target of Ta5Si3, 
sputter gun poWer at 500 Watts of loW frequency rf, substrate 
at rfbias of20 Watts, argon at 18 SCCM, oxygen at 6 SCCM. 
The composition of tantalum silicon nitride Was made the 
same Way except that nitrogen Was substituted for oxygen. 
This rate of nitrogen ?oW for forming the tantalum silicon 
nitride in the absorber stack Was also the same process 
except the ?oW of nitrogen Was 1.2 SCCM. SiON Was 
deposited by PECVD. 

The thicknesses are chosen based on the particular range 
of Wavelengths that are not to be re?ected. In this case, 
typical inspection equipment Will be in the range of 150 to 
500 nanometers. Calculations for determining re?ections for 
a Wavelength for a stack of layers having given optical 
properties and thicknesses are knoWn. The optical properties 
of tantalum silicon nitride and tantalum silicon oxide for this 
process Were measured. These Were then used in the calcu 
lations to determine the re?ectivity. The thickness of layer 
30 Was ?rst chosen based on a calculation of the thickness 
that provides minimum re?ection of that layer alone at a 
midpoint of the range of Wavelengths desired to be non 
re?ecting. The next step Was to then to calculate the total 
re?ection of layers 24-30 With layers 24-28 at various 
thickness ratios at particular overall thicknesses of the 
combined three layers. This gave a range of loWer re?ec 
tivities based on thickness ratio and overall thickness. Then 
Within that range small iterations Were calculated. Also for 
given thicknesses of layers 24-28 that Were found to provide 
relatively loW re?ections, calculations of changes in thick 
ness of layer 30 Were used to identify further reductions in 
re?ectivity. Because the goal of beloW 10% re?ectivity Was 
easily exceeded by being under 5% over the Whole desired 
range, the need to ?nd the absolute minimum re?ectivity 
Was not necessary. The contrast ratio is preferably greater 
than 70%. The contrast ratio is the ratio of re?ection from 
the background, Which is re?ection area 20 in this case, 
minus the re?ection from the feature to the total of the 
re?ection of the background and the feature. In this embodi 
ment a contrast ratio of greater than 70% is easily achieved. 
Typically the contrast ratio is about 90%. 

It Was found that substantial bene?t Was achieved using 
just layers 24-28. The range of re?ectivity beloW 5% is 
reduced but the midpoint stays the same With the same 
thicknesses. The range Without layer 30 Was found to be 
about 190 nanometers to 270 nanometers. This may be 
su?icient range to cover relevant inspection tools. If layer 30 
is not used, then absorber stack Would be increased in 
thickness to achieve the same absorption at the EUV Wave 
length being used. Not using layer 30 reduces process 
complexity. Further this can reduce some processing issues 
that arise because there may be etching that occurs after 
stacks 16 and 18 have been formed. If there is such etching, 
it Would also etch layer 30. Thus, layer 30 Would be reduced 
in thickness. Such etch Would thus have to be carefully 
controlled Which is more di?icult to control than a deposi 
tion. Thus, there Would be more di?iculty in achieving the 
desired thickness of layer 30 than just layers 24-28. The 
tantalum silicon nitride layer 28 Would not be signi?cantly 
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4 
effected by the late etch because it Would be chemistries that 
are very sloW to etch tantalum silicon nitride. 

Other metals than tantalum may be used in the absorber 
stack. In such case there Would be bene?t in using silicon 
oxides and silicon nitrides, or even other chemistries, in 
combination With that same metal type that is used in the 
absorber stack for the anti-re?ective layers 24-28. One 
example could be tungsten. If tungsten silicon nitride Were 
used over chromium or ruthenium in the absorber stack 22, 
then layers 24-28 may bene?cially be tungsten silicon 
nitride, tungsten silicon oxide, and tungsten silicon nitride, 
respectively. Also if just chromium Were used as the 
absorber, then layers may bene?cially be chromium nitride, 
chromium oxide, and chromium nitride, respectively. 

Tantalum, hoWever, o?fers advantages over both chro 
mium and tungsten. Chromium tends to have a relatively 
large etch bias so that the chromium is etched laterally much 
more than tantalum. This makes it di?icult to maintain 
feature siZe. Tungsten creates problems by providing 
unWanted stress. Much effort has been placed into control 
ling stress in a tungsten ?lm but With insu?icient success for 
most purposes. 
ShoWn in FIG. 3 is a lithography system 50 used to pattern 

a photoresist layer 58 on a semiconductor Wafer 56. The 
lithography system 50 includes a laser 51, a plasma source 
53, condenser optics 54, re?ective mask 10, reduction optics 
52 and the semiconductor Wafer 56. Although a variety of 
sources can provide EUV radiation in lithography system 
50, a laser produced plasma source 53 is shoWn. The source 
uses a high poWered pulsed laser 51, such as NdzYAG, for 
activating a supersonic gas jet, such as xenon gas jet. The 
xenon atomic clusters are heated to high temperatures result 
ing in the formation of a plasma source 53. From the plasma 
source 53 collimated light With a Wavelength in the EUV 
regime is emitted and focused by the condenser optics 54 on 
to mask 10. The collimated light is projected onto mask 10 
at an angle, Which is typically approximately 5 degrees With 
respect to the perpendicular axis of mask 10, and re?ected. 
Before impacting the semiconductor Wafer 56, the re?ected 
light travels through reduction optics 52, Which re?ects the 
light in order to shrink the pattern on mask 10. Typically, 
reduction optics 52 reduce the pattern oif mask 10 by four 
or ?ve times. From reduction optics 52, the collimated light 
illuminates photoresist layer 58 formed over semiconductor 
substrate 56. 

In the foregoing speci?cation, the invention has been 
described With reference to speci?c embodiments. HoWever, 
one of ordinary skill in the art appreciates that various 
modi?cations and changes can be made Without departing 
from the scope of the present invention as set forth in the 
claims beloW. For example, in some cases it may be effective 
to reverse the tantalum silicon nitride layer With the tantalum 
silicon oxide layer. It may also be desirable to add an 
additional layer. For example another layer adjacent to layer 
28 or layer 18 may be desirable in some cases. Accordingly, 
the speci?cation and ?gures are to be regarded in an illus 
trative rather than a restrictive sense, and all such modi? 
cations are intended to be included Within the scope of 
present invention. 

Bene?ts, other advantages, and solutions to problems 
have been described above With regard to speci?c embodi 
ments. HoWever, the bene?ts, advantages, solutions to prob 
lems, and any element(s) that may cause any bene?t, advan 
tage, or solution to occur or become more pronounced are 

not to be construed as a critical, required, or essential feature 
or element of any or all the claims. As used herein, the terms 
“comprises,” “comprising,” or any other variation thereof, 
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are intended to cover a non-exclusive inclusion, such that a 
process, method, article, or apparatus that comprises a list of 
elements does not include only those elements but may 
include other elements not expressly listed or inherent to 
such process, method, article, or apparatus. 

The invention claimed is: 
1. A semiconductor mask comprising: 

a substrate; 
a re?ecting layer overlying the substrate for re?ecting 

light from the semiconductor mask; 
an absorber stack selectively formed overlying the re?ect 

ing layer, the absorber stack having a plurality of 
layers, an upper layer of the absorber stack that is 
opposite the re?ecting layer comprises a predetermined 
metal; and 

a multiple layer anti-re?ective coating overlying the upper 
layer of the absorber stack, the multiple layer anti 
re?ective coating comprising adjoining layers that 
respectively have nitrogen, oxygen and nitrogen com 
bined With the predetermined metal of the upper layer 
of the absorber stack. 

2. The semiconductor mask of claim 1 Wherein the 
multiple layer anti-re?ective coating further comprises: 

an overlying dielectric layer adjacent the multiple layer 
anti-re?ective coating comprising a predetermined 
material, the overlying dielectric layer providing addi 
tional destructive interference of light for a Wider 
bandWidth of inspection Wavelengths. 

3. The semiconductor mask of claim 2 Wherein the 
predetermined dielectric material comprises one of silicon 
oxygen nitride, silicon nitride or silicon oxide. 

4. The semiconductor mask of claim 1 Wherein the 
predetermined metal further comprises one of tantalum, 
chromium, tungsten, tantalum silicide, tantalum boride and 
oxides and nitrides thereof. 

5. The semiconductor mask of claim 1 Wherein the 
multiple layer anti-re?ective coating comprising adjoining 
layers respectively having nitrogen, oxygen and nitrogen 
respectively comprise tantalum silicon nitride, tantalum 
silicon oxide and tantalum silicon nitride. 

6. The semiconductor mask of claim 1 Wherein the 
multiple layer anti-re?ective coating further comprises a 
concentration of nitrogen and oxygen that is greater than any 
nitrogen or oxygen in the predetermined metal of the upper 
layer of the absorber stack. 

7. The semiconductor mask of claim 1 Wherein a layer of 
the adjoining layers having oxygen has less metallic prop 
erties than remaining layers of the adjoining layers. 

8. The semiconductor mask of claim 1 Wherein an inspec 
tion contrast of the semiconductor mask is greater than 
seventy percent (70%) at multiple inspection Wavelengths. 

9. The semiconductor mask of claim 1 Wherein the 
re?ectivity of the multiple layer anti-re?ective coating is less 
than ten percent (10%) at multiple inspection Wavelengths. 
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10. A method of providing a semiconductor mask com 

prising: 
providing a substrate; 
forming a re?ecting layer overlying the substrate for 

re?ecting light from the semiconductor mask; 
forming an absorber stack selectively formed overlying 

the re?ecting layer, the absorber stack having a plural 
ity of layers, an upper layer of the absorber stack that 
is opposite the re?ecting layer comprises a predeter 
mined metal; and 

forming a multiple layer anti-re?ective coating overlying 
the upper layer of the absorber stack, the multiple layer 
anti-re?ective coating comprising adjoining layers that 
respectively have nitrogen, oxygen and nitrogen com 
bined With the predetermined metal of the upper layer 
of the absorber stack. 

11. The method of claim 10 further comprising: 
forming an overlying dielectric layer comprising a pre 

determined material, the overlying dielectric layer pro 
viding additional destructive interference of light for a 
Wider bandWidth of inspection Wavelengths. 

12. The method of claim 11 further comprising forming 
the predetermined material from one of silicon oxygen 
nitride, silicon nitride or silicon oxide. 

13. The method of claim 10 further comprising forming 
the predetermined metal from one of tantalum, chromium, 
tungsten, tantalum silicide, tantalum boride and oxides and 
nitrides thereof. 

14. The method of claim 10 further comprising forming 
the multiple layer anti-re?ective coating comprising adjoin 
ing layers respectively from tantalum silicon nitride, tanta 
lum silicon oxide and tantalum silicon nitride. 

15. The method of claim 10 further comprising forming 
the multiple layer anti-re?ective coating from a concentra 
tion of nitrogen and oxygen that is greater than any nitrogen 
or oxygen in the predetermined metal of the upper layer of 
the absorber stack. 

16. The method of claim 10 further comprising forming 
the multiple layer anti-re?ective coating from a layer of 
oxygen Within the adjoining layers, the layer of oxygen 
having less metallic properties than the remaining adjoining 
layers. 

17. The method of claim 10 further comprising forming 
the multiple layer anti-re?ective coating having physical 
characteristics so that an inspection contrast of the semicon 
ductor mask is greater than seventy percent (70%) at mul 
tiple inspection Wavelengths. 

18. The method of claim 10 further comprising forming 
the mask With materials in the multiple layer anti-re?ective 
coating having physical properties so that a re?ectivity of 
the multiple layer anti-re?ective coating is less than ten 
percent (10%) at multiple inspection Wavelengths. 

19. The method of claim 10 further comprising: 
forming a semiconductor pattern in both the predeter 
mined metal of the upper layer of the absorber stack 
and the multiple layer anti-re?ective coating With a 
same process etch step. 

* * * * * 


